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Summary

One of NASA’s newly proposed initiatives is Mis-
sion to Planet Earth. This program envisions both
low Earth and geostationary orbiting spacecraft sup-
porting instruments that will measure and moni-
tor land, ocean, and atmospheric variables that are
important to understanding Earth’s global change
mechanisms. In order to minimize the number of
spacecraft required in geostationary orbit and to al-
low data correlation in space and time, large, multi-
purpose platforms have been proposed. Many of
the onboard instruments that require very high res-
olutions require very large components, such as
antennas or telescopes. As a result, the size
of the supporting spacecraft and the effects of
environmental- and spacecraft-induced disturbances
are increased. The problem is compounded by the
fact that these antennas, along with many other sen-
sors and instruments, require very precise pointing
that consequently increases the complexity of the
pointing and control subsystem. This paper presents
the rigid-body-pointing analysis done as part of a
larger geostationary platform study.

To accommodate as many of the pointing require-
ments for the science instruments as possible, the
specific goal of the analysis was to determine what
degree of rigid-body pointing was possible for this
platform concept. The objective was to obtain a
pointing accuracy of 18 arcsec (0.005°) for the plat-
form, while instruments requiring a pointing accu-
racy greater than 18 arcsec would be mounted on a
vernier isolation and pointing platform.

The computer-aided engineering system called
Space Systems Integrated Simulation (SPASIS) was
used to perform the analysis. First, to better under-
stand the effects of various environmental forces and
torques on the platform, uncontrolled motion of the
platform was examined. Next, two reaction wheel as-
semblies, the NASA Standard and the Hubble Space
Telescope, were used to investigate the platform con-
trollability. The results indicate that the spacecraft
can theoretically be controlled to the required ac-
curacy of 18 arcsec along each axis. Of the two
reaction wheel assemblies, the Space Telescope re-
action wheels provide the highest degree of point-
ing accuracy. Furthermore, since the Space Tele-
scope reaction wheels do not become saturated for
at least 2 days (an important factor, considering the
mission limitation of two housekeeping periods per
orbit), they have the lowest propellant requirement
for desaturation for the period (a factor influenc-
ing spacecraft lifetime). Two different control law
gain sets were also examined: small gains, designed
merely to meet the pointing requirement of 18 arc-

sec, and tight gains, designed to provide a greater
degree of pointing accuracy than the nominal small
gains. The reaction wheels investigated all represent
currently available technology.

Symbols and Acronyms

€ maximum allowed error, rad

I principal moment of inertia, kg-m?

Isp propellant specific impulse, sec

K4 torque command attitude gains

Kp torque command rate gains

CMG control moment gyro

DOF degree of freedom

oMV orbital maneuvering vehicle

oTVvV orbital transfer vehicle

PMR passive microwave radiometer

RCS reaction control system

RWA reaction wheel assembly

SPASIS Space Systems Integrated
Simulation

Tmax assumed maximum value of reaétion

wheel torque, N-m

w angular velocity, rad/sec

Introduction

NASA has been studying several geostationary
spacecraft and platform concepts for Earth science
missions such as Mission to Planet Earth (ref. 1).
The Mission to Planet Earth infrastructure will con-
sist of both low Earth orbiting and geostationary
orbiting spacecraft supporting instruments that mea-
sure and monitor land, ocean, and atmospheric en-
vironmental variables that are important to under-
standing Earth’s global change mechanisms. The
goals of this science mission are unprecedented in
terms of both the number of variables to be measured
and the requirements for spatial and temporal reso-
lution. These goals have a number of implications
for the spacecraft and the instruments themselves.
First, the spacecraft will likely be a platform car-
rying many multidisciplinary science sensors so that
measurements can be correlated in space and time.
Second, many of the instruments that require very
high resolutions will require very large components,
such as antennas or telescopes. This increases the
size of the supporting spacecraft and, consequently,
the effects of environmental- and spacecraft-induced



disturbances. Third, because of the geostationary
operating altitude of the platform, the high resolu-
tion requirements of these components will require
that very precise spacecraft pointing be maintained
in spite of the large spacecraft size, significant dis-
turbance environment, and potential structural flex-
ibility. These and other spacecraft design issues that
stem from science objectives may require advanced-
technology solutions.

In order to quantify the performance require-
ments of an Earth science geostationary platform, a
straw-man set of instruments representative of Mis-
sion to Planet Earth objectives was selected (based
upon studies done by the Lockheed Missiles and
Space Co., Inc.) and is summarized in table 1. This
list contains three instruments with pointing require-
ments of 1.1 arcsec (0.0003°) and several others with
requirements less than 20 arcsec (0.0056°). Thus, the
spacecraft must provide a very stable base, with good
rigid-body control as well as flexible-body control and
disturbance isolation for these payloads. However,
the large dimensions needed to support many instru-
ments and to provide them with adequate fields of
view result in a platform with flexible components
that may be susceptible to disturbances from on-
board mechanical systems (e.g., articulating solar ar-
rays and cryogenic coolers) or the science payloads
themselves (e.g., scanning mirrors and antenna gim-
bals). Thus, analyses to quantify pointing perfor-
mance had to be initiated.

The Langley Research Center (LaRC) has con-
ducted a study of geostationary platform concepts
that had as its overall goal the identification of
technology development issues and opportunities.
Thus, the study was directed toward large, second-
generation platforms rather than the near-term con-
cepts proposed for launch before the year 2000. This
paper presents the rigid-body-pointing analysis done
as part of the overall geostationary platform study.
Flexible-body characteristics, which are the subject
of another study, are not addressed in this paper.
Other analyses done as part of the overall plat-
form study, of which this pointing analysis is a part,
include a detailed structural analysis, antenna ra-
dio frequency performance (refs. 2 and 3), space-
craft subsystems requirements and technology op-
tions (ref. 4), and launch packaging and assembly
methods for this class of large platforms (ref. 5). The
rigid-body-controls analysis described herein was in-
tended to verify the viability of the selected concept
in terms of its controllability and pointing perfor-
mance. This paper describes the selected platform
concept and its mass and area distribution model
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and presents the results of the rigid-body-pointing
analyses performed.

Platform Model

Numerous geostationary platform configurations
of various sizes have been proposed in recent years,
but one configuration that meets the needs for this
advanced technology assessment study is shown in
figure 1 and is described in the 1987 “Geostationary
Platform Bus Study for Earth Observation Sciences”
by Ford Aerospace and Communications Corp. This
configuration provides many of the attributes of in-
terest. It is a large spacecraft with two large anten-
nas requiring either assembly or deployment on orbit.
The proposed complement of 18 science instruments
presents difficult pointing requirements because of
on-orbit disturbances and instrument interactions.
The platform is sized to meet science requirements
typical of the Mission to Planet Earth, but no rigid-
body-controllability analysis had been conducted to
evaluate the pointing performance as a basis for the
advanced technology assessments. The analysis de-
scribed in this paper provides such a controls study
and uses the pointing requirements given in table 1.

The Ford study, being conceptual in nature,
lacked configuration detail in some areas. To conduct
the in-depth performance analyses, several design de-
cisions were made that resulted in the LaRC config-
uration (derived from the Ford configuration geom-
etry) shown in figure 2. The most obvious change
was to the antenna designs, where the focal-length-
to-diameter ratio was increased from less than 1.0
to about 1.5 to accommodate likely reflector scan-
ning strategies. Other changes were also made to add
structural detail to the truss, antenna attachments,
and payload module.

The LaRC Geostationary Earth Science Platform
configuration shown in figure 2 uses a 3-m box truss
structure (to be assembled at a space station) act-
ing as a strongback for all subsystems and for a
payload complement of 18 instruments including 2
antennas (15.0-m-diameter and 7.5-m-diameter solid
reflectors). This erectable truss provides a rigid and
stable base to which the various components of the
spacecraft are connected.

Attached to the second bay (counting from left
to right) of the truss are the payload module,
housekeeping module, and orbital transfer vehicle
(OTV) and orbital maneuvering vehicle (OMV) in-
terface structure, all of which interconnect to pro-
vide the most rigid single element of the spacecraft.
This rigidity is necessary to transmit boost loads
and to provide a dimensionally stable base for the



instruments located in the payload module. The pay-
load module contains numerous instruments, includ-
ing those with the most stringent pointing require-
ments. Connecting the payload module to the truss
is the housekeeping module, which contains the ma-
jor subsystems of the spacecraft such as the power
subsystem and the attitude control subsystem. The
OTV-OMYV interface structure attaches to the bot-
tom of the housekeeping module and extends through
the second bay of the truss to a standard OTV-OMV
docking ring.

The 15.0-m and 7.5-m passive microwave reflec-
tors (refs. 2 and 3) are the largest instruments on
the platform and are the primary platform configu-
ration drivers. Each uses offset-fed Cassegrain geom-
etry, which makes use of “folded optics” to enhance
the scanning performance of the radiometer. In
this configuration, the large primary reflector focuses
the radiation upon the smaller subreflector that, in
turn, focuses the radiation upon the feed array. The
scanning of the radiometers is accomplished by piv-
oting their subreflectors through the use of electro-
mechanical actuators. Because of the high operat-
ing frequencies of these radiometers, each has a solid
primary reflector; since the dominant environmental
disturbance at geosynchronous altitude is solar radi-
ation pressure, the disturbance torques due to these
large filled areas can present a controllability prob-
lem for the spacecraft. For the purpose of reducing
these torques, the 15.0-m radiometer has been placed
nearer to the center of mass of the spacecraft, while
the 7.5-m radiometer is farther from the center of
mass.

The solar arrays are attached directly to the
housekeeping module and also use deployable masts
to place them at sufficient distances from the space-
craft so that they are not shadowed by the 15.0-m
radiometer reflector. Several instruments are also lo-
cated at the solar panels to take advantage of the
fact that they are solar pointing. Each solar panel
rotates in 0.007° steps every 1.6785 sec to remain
solar pointing.

A simplified model, with equivalent mass proper-
ties, inertias, and projected areas, was used for the
-rigid-body-controls analysis to represent the space-
craft, antennas, and other instruments and is shown
in figure 3.

Platform Pointing Requirements

In order to satisfy all the instrument pointing re-
quirements on the platform, a hierarchical approach
is incorporated into the design of the conceptual
control system. The required instrument accuracies

range from 360.0 arcsec (0.1°) to 1.1 arcsec (0.0003°).
The large energy required to control the entire plat-
form to an accuracy of 1.1 arcsec would not be practi-
cal for satisfying the mission requirements. Only 4 of
the 18 total instruments require a pointing accuracy
greater than 18 arcsec, and they are assumed to be
mounted on a vernier isolation and pointing platform
located atop the payload module. To accommodate
the pointing requirements of the remaining 14 science
instruments, the platform bus is to be controlled to
an accuracy of 18 arcsec. The specific goal of this
pointing analysis is to determine what control sys-
tem components are required for attitude control of
the selected geostationary platform configuration to
meet the pointing requirement of 18 arcsec. The im-
mense inertia of this platform (see table 2) presents
a very difficult task in terms of meeting the small
pointing requirements.

Study Approach

The degree of environmental disturbances and the
principal axes most affected by them were estimated
for a spacecraft without a control system so that
the proper control system (hardware and control
laws) and placement of control devices could be
determined.

After determining the uncontrolled motion of the
spacecraft, a type of control device had to be chosen
that would control the vehicle to the desired degree
of accuracy. In choosing an attitude control device
for the geostationary platform, several mission pa-
rameters were considered. First, at geostationary al-
titude, the Earth’s magnetic field is too weak to con-
sider the use of magnetic torquers, and RCS jets are
not capable of providing the fine degree of pointing
accuracy required. Additionally, RCS jets are used
minimally as the primary controlling device (only for
desaturation). Both CMG’s and reaction wheels pro-
vide momentum control, but reaction wheels are gen-
erally less massive and provide lower torque values
than CMG'’s, which are generally used for very large
control applications. (See table 3.) Besides being
one of the most often applied control devices in the
aerospace community, reaction wheels do not depend
upon the Earth’s magnetic field and are relatively
simple and light.

There are many types of reaction wheel assem-
blies (RWA's) currently available that cover a wide
range of applications. For this analysis, two types
of RWA’s (ref. 6) were chosen for investigation: the
NASA Standard RWA for midrange angular momen-
tum applications and the Space Telescope RWA for
high-angular-momentum applications. Characteris-
tic data for each reaction wheel are given in table 3.
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The computer code used to support this anal-
ysis was the Space Systems Integrated Simulation
(SPASIS, ref. 7) and was modified for this study.
SPASIS is a six-degree-of-freedom (DOF), rigid-body
simulation program for analyzing orbiting spacecraft.
The spacecraft mass and geometry must be user de-
fined, and for this purpose, the spacecraft was mod-
eled using the SDRC I-DEAS computer-aided de-
sign and engineering system (ref. 8). SPASIS has
the ability to simulate the spacecraft in orbit and
calculate environmental effects (forces and moments
on the spacecraft) and control system responses.
Many other spacecraft-related dynamics may be sim-
ulated, including articulation, plume impingement,
and docking. The simulation can run single- or
multiple-orbit trajectories and outputs the resulting
data in tabular or graphic form.

SPASIS contains a fourth-order Runge-Kutta-Gill
integrator that integrates the translational and ro-
tational equations of motion, the body orientation
quaternion, and the environmental torque compo-
nents. The program simulates the spacecraft re-
sponse to environmental effects for every time step to
determine spacecraft inertial position and attitude.
A time step of 5 sec is the default value. Any value
can be input; however, anything much larger than
5 sec can result in a loss of accuracy. A time step of
5 sec provided the best simulation, resulting in both
quick turnaround and accuracy.

Also placed within the integration loop are four
optional models of control system devices. A reaction
control system (RCS) using three models (propulsive
jets, control moment gyros (CMGs), and a magnetic
torquer) was already included in SPASIS. Langley
Research Center added an RWA to the program as
the fourth control device option. Four environmen-
tal disturbances are simulated: aerodynamic effects
(calculated with the 1985 Jacchia atmospheric den-
sity model), solar radiation effects, gravity gradient
torques, and Earth’s magnetic field effects. How-
ever, at the geosynchronous operational altitude of
the platform, solar radiation is the dominant distur-
bance, with gravity gradient being secondary.

Solar panels, radiators, and solar dynamic collec-
tors may be modeled in SPASIS as articulating ar-
eas. Solar panels and collectors are modeled as Sun
tracking devices, while radiators are anti-Sun track-
ing. When the spacecraft is in the occulted region
of the orbit, all devices may be feathered to reduce
drag on the spacecraft if desired. In order to keep on-
board induced disturbances to a minimum, and with
the absence of an atmosphere at geosynchronous or-
bit, solar panels were not feathered for this analysis.
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SPASIS is generally run interactively (but may
also be run in a batch mode) on any DEC VAX!
computer supporting a FORTRAN environment. A
plot package that uses DI3000? software is available
and will plot any of the available program variables
versus time.

The following assumptions were made to simplify
these analyses: (1) the reaction wheels are placed on
the body axes of the spacecraft at the center of mass,
(2) the reaction wheels have negligible mass in com-
parison with the spacecraft, (3) the attitude sensors
measure perfect spacecraft alignment with local ver-
tical and local horizontal, (4) the control thrusters
fire over the entire numerical integration interval,
(5) the thrusters respond instantaneously to control
inputs, (6) the reaction wheels have an efficiency of
70 percent (user defined), (7) the reaction wheels can
provide their maximum torque at all wheel speeds
up to their 70-percent efficiency rating, (8) the struc-
tural flexibility of the platform is not considered, and
(9) the sensors are perfect.

As previously mentioned, two types of reaction
wheels were modelled based on their angular mo-
mentum applications. Additionally, two types of
commanded torque gains were used. The first, de-
noted as “small gains,” are the gains designed to meet
the pointing requirements. The second, denoted as
“tight gains,” not only meet the pointing require-
ments but also further reduce the maximum attitude
error. The gain values define the control authority
of the commanded torque to the movement of the
spacecraft. The larger the gains, the more respon-
sive the control system is to the spacecraft position
and angular rates.

The small gains come directly from calculations
based on the spacecraft equations of motion and the
simple proportional-plus-derivative feedback control
law. The tight gains were initially calculated in the
same manner with a tighter pointing accuracy as-
sumed, and then it was modified by trial and error
until the desired results were obtained. The trial
and error method was necessary because of uncer-
tainties involved in the approximation technique for
determining disturbance magnitudes and the simple
model used to represent the spacecraft.

As gain values increase, so does the bandwidth
of amplified signals. This means that the control
system is more sensitive to error inputs (i.e., quicker
response and higher commanded torque). But, at
the same time, any sensor and actuator errors are

! DEC VAX: A trade name of Digital Equipment Corp.
2 DI3000: A trade name of Precision Visuals Incorporated.



also magnified to the same degree as any disturbance.
This study assumed perfect sensors; therefore, the
error within the sensors was not amplified, which
could greatly affect attitude control. In addition,
it was assumed that reaction wheels could respond
with the desired control torque instantaneously. In
actual implementation, however, a time lag exists
before the torque input is applied (depending on the
reaction wheel assembly), and the available torque
varies with reaction wheel speed at the time of the
torque application. Another trade-off with the use
of higher gains is the requirement of using higher
frequency (i.e., more expensive) control electronics to
provide accurate control at the higher bandwidths.

A concern with flexible spacecraft (see assump-
tion 8) is the excitation of the flexible modes through
the control system, or “control spillover.” Amplifica-
tion of the higher frequencies associated with rais-
ing the bandwidths could easily excite the flexible
modes of the spacecraft (especially with the size and
dimensions of the subject platform). Attempting to
control the spacecraft to such high accuracies using
higher gains to amplify the attitude error could pro-
duce an unstable platform because of this excitation
not accounted for in this study.

Therefore, electing to achieve an extremely high
pointing accuracy by implementing large-magnitude
gain values raises costs because of the requirements
of extremely accurate sensors, actuators, and a set
of advanced, high-speed electronics to drive the sys-
tem. Additionally, the necessary hardware required
to damp out any excitation of the flexible modes in-
creases weight, complexity, and cost. Further study
is necessary to better compare these trade-offs.

The equations used for the gain calculations and
the control system block diagram are shown in fig-
ure 4. The gain values used for the analyses are listed
in table 4. This control law was implemented with
no modifications to the release version of SPASIS.

The basis for selection of the control device
(NASA Standard or Space Telescope RWA) is the
desaturation requirements. Reaction wheels become
saturated when the wheels reach their maximum de-
sign speed and thus can no longer produce required
torques for attitude maintenance. When this oc-
curs, the wheels must be desaturated (i.e., despun)
in order to regain their effectiveness as angular mo-
mentum control devices. The mission profile of the
platform dictates that housekeeping activities (i.e.,
stationkeeping, orbit maintenance, and RWA desatu-
rations) occur no more than twice per 24-hour period
(one orbit at geosynchronous altitude). Any more
than this would be too disruptive to the pointing ac-

curacy of onboard science instruments. Therefore, in
addition to meeting the pointing accuracy require-
ment of 18 arcsec, the RWA must also be limited to
two or less desaturation periods per day.

Results

Figures 5 to 18 present the results of the anal-
ysis. Figure 5 shows total environmental torque as
measured for a stable platform as a function of or-
bit time (approximately one 24-hour orbit) for the
platform. Figures 6 and 7 show the individual envi-
ronmental components of solar pressure and gravity
gradient torques as being the major sources of outside
disturbances. The results of the simulation of the
uncontrolled, open-loop system are shown in figure 8
for attitude error as a function of time for one orbit.
Here the attitude error, presented as deviation from
local vertical-local horizontal, varies between +90°
for the pitch axis, while the attitude error varies be-
tween +180° for the roll and yaw axes. This indicates
that the platform exhibits instability or tumbling.

Figures 9 and 10 show attitude error for the con-
trolled spacecraft (i.e., closed-loop system) over a
one-orbit period for the NASA Standard and the
Space Telescope RWA'’s, respectively, using small
gains. The NASA Standard RWA’s meet the point-
ing requirement along all three axes (17.6 arcsec in
pitch, 12.6 arcsec in roll, and 0.4 arcsec in yaw).
The small spikes shown for the pitch axis indicate
periods of desaturation. It is clear that the NASA
Standard RWA’s exceed the desaturation limit of two
per orbit. Thruster size for desaturation was deter-
mined through a trial and error process intended to
yield the least amount of movement along the pitch
axis during desaturation. Table 5 shows the RCS jet
characteristics used for this analysis, while figure 16
shows the reaction wheel speeds for the NASA Stan-
dard RWA’s for one orbit. The sharp spikes indi-
cate periods of desaturation. As previously noted
for this case, RWA’s are defined to desaturate when
the wheels reach 70 percent of their maximum de-
sign speed (see assumption 6). The resolution of fig-
ure 16 is lower than that of figure 11, which shows
approximately one-fourth of an orbit. The higher
resolution plot, figure 11, shows that the reaction
wheels have a speed of zero after the reaction wheel
desaturation procedure is performed. Attitude error
spikes in figure 9 correspond to desaturation periods
when thrusters are firing, as indicated in the reaction
wheel speed plots. Figure 16 shows that the wheel
along the pitch axis desaturates almost constantly in
trying to maintain the required pointing accuracy,
while the wheels along the roll and yaw axes never
reach saturation. As shown in figure 10, the Space
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Telescope reaction wheels meet the pointing require-
ments along each axis, with the maximum pointing
error being about 15.1 arcsec along the pitch axis.
Figure 12 shows that the Space Telescope wheels
never saturate (in a one-orbit period), as exhibited
by the smooth curve along the pitch axis and almost
zero wheel speed along the other two axes. In fact,
the Space Telescope reaction wheels do not reach sat-
uration for at least 2 days, as indicated in figure 13.

Figures 14 and 15 show the attitude error for the
NASA Standard and for the Space Telescope RWA’s
using tight gains. The NASA Standard RWA’s meet
the pointing requirement, with a maximum error of
1.6 arcsec along the pitch axis. However, figure 16
shows the numerous desaturation periods needed to
maintain this maximum error of 1.6 arcsec. The
Space Telescope RWA'’s also meet the pointing re-
quirement along the pitch axis. Figure 17 again
shows that the Space Telescope RWA’s do not reach
saturation over the span of one orbit and in fact will
not saturate for at least 2 days (fig. 18).

Reaction control system (RCS) jets, used for re-
action wheel desaturation, are an important device
for platform control maintenance. One factor in de-
termining the lifetime of a spacecraft is the amount of
propellant it carries onboard. A spacecraft that has
reaction wheels that need to desaturate frequently
will deplete the available spacecraft propellant more
quickly than one whose reaction wheels desaturate
very infrequently. This frequent desaturation thus
reduces overall spacecraft lifetime. As expected, the
NASA Standard RWA'’s require the most propellant
since they need to desaturate the most frequently. In
contrast, the Space Telescope RWA’s desaturate only
once in three orbits. Propellant requirements for the
desaturation of the two reaction wheels over an av-
erage three orbits for both small and tight gains are
shown in table 6.

Conclusions

A rigid-body-pointing analysis was conducted for
a proposed Earth science geostationary platform.
The analyses performed have demonstrated that the
platform can theoretically be controlled to the strin-
gent pointing requirement of 18 arcsec on each axis,
subject to certain assumptions. The Hubble Space
Telescope reaction wheels provide the highest degree
of pointing accuracy of the two reaction wheels inves-
tigated. Furthermore, because of the high-angular-
momentum storage capacity of the Space Telescope

reaction wheels, desaturation is not necessary for
at least 2 days in orbit. Fewer desaturation events
translate to a lower propellant requirement, but more
importantly, fewer desaturations equate to fewer dis-
ruptions in pointing accuracy. (More than two de-
saturations per day would be in violation of mis-
sion guidelines.) The other reaction wheel assembly,
the NASA Standard, requires very frequent desatura-
tions and therefore violates the two-per-day desatu-
ration limitation. The small gains calculated for the
Space Telescope reaction wheels provide a pointing
accuracy of 17.6 arcsec to the platform, thereby meet-
ing the accuracy requirement of 18 arcsec. However,
the tight gains result in an improved level of pointing
accuracy. Further study is necessary to determine the
feasibility of implementing the tight gains with the
truss structure as a flexible body and without a ma-
jor increase in cost, should this be deemed valuable
to the Mission to Planet Earth initiative.

NASA Langley Research Center
Hampton, VA 23665-5225
March 13, 1991
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Table 1. Payload Pointing Requirements

Pointing accuracy,

Payload instrument arcsec
High-frequency PMR 36.0
IR vertical sounder 1.1
High-resolution imager 18.0
Michelson sounder 18.0
Fabry-Perot sounder 18.0
Lightning mapper 180.0
Ozone mapper 18.0
Active cavity radiometer 360.0
Earth radiation radiometer 29.0
Solar disk sextant 360.0
X-ray imager 360.0
Multi-spectral imager 1.1
Laser ranger 1.1
Coherent radar 3.6
Solar spectrometer 360.0
Low-frequency PMR (15 m) 36.0
Space environment monitor 360.0
Data collection platform 360.0

Mass, kg

Table 2. Platform Mass and Inertia Properties

6569

1.967 x 10°
....... 5.217 x 10°
. . 4.200 x 10°

. 1.383 x 10°
. 3.243 x 103
. 8.077 x 104

......




Table 3. Characteristics of Reaction Wheels and Single-Gimbal Control Moment Gyros

Characteristic NASA Standard Space Telescope
Angular momentum, N-m-sec 20.001 264.420
Wheel speed, rad/sec . . . . . . . . 226.195 314.159
Mass,kg . . . . . . . . . . ... 9.072 47.628
Maximum power, W . . . . . . . . <150 <400
Output torque, Nom . . . . . . . . 0.2966 0.8051
Low torque Midrange torque
Characteristic CMG CMG
Angular momentum, N-m-sec 305.04 813.45
Mass, kg . . . . . . . . . .. .. 52.16 63.50
Maximum power, W . . . . . . . . <50 <50
Output torque, Nom . . . . . . . . 305.04 305.04
Table 4. Gain Values
Values for—

Small gains Tight gains

Ka, —0.467 —100.000

Kay —76.000 —650.000

Ky, —2.339 —8.000

Kp, —473.070 —-6917.370

Kpy —10215.664 —29874.700

Kp, —1512.398 —3959.980




Table 5. RCS Jet Characteristics

[Isp = 230 sec]
Thrust level, N, for—
Axis Small gains Tight gains
Yaw 3.179 x 1074 3.179 x 10~¢
Pitch 11.751 x 10~4 11.751 x 10~4
Roll 11.751 x 1074 11.751 x 10~

Table 6. Propellant Requirements for Three Orbits

Mass of propellant, kg, using—

RWA type Small gains Tight gains

NASA Standard 0.06291 0.06228
Space Telescope .02356 1 .02356
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15-m passive
microwave radiometer

7.5-m passive
microwave radiometer

Other scientific
instruments

Low-frequency
microwave
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Figure 2. LaRC Geostationary Earth Science Platform configuration.



Z projection

Figure 3. Simplified equivalent mass, area, and inertia analysis model.
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Gain Equations

2 _ max
0" = g
KA = 1(02
2
where
Tmax  assumed maximum torque value of RWA, N-m
e maximum allowed error, rad
I principal moment of inertia, kg-m?

Control System Block Diagram Per Axis

Spacecraft dynamics

1
» Attitude error

—

si

1.82

Wheel torquer

Ko(tgS + 1)  |ae—-

where

Mg disturbance torques i =1, 2, and 3 (roll, pitch, and
I moment of inertia yaw axes, respectively)
Ko proportional gain K, 6  attitude error

KgTg rate gain K S Laplace variable

g applied torque

Figure 4. Gain equations and control system block diagram.
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Total environment torque, N-m

Figure 5. Total environmental torque on platform for one 24-hour orbit.
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Figure 6. Solar pressure torque for one 24-hour orbit.
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Figure 7. Gravity gradient torque for one 24-hour orbit.
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Figure 8. Attitude error of uncontrolled platform for one 24-hour orbit.
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Figure 9. Attitude error for NASA Standard RWA’s using small gains for one 24-hour orbit.
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Figure 10. Attitude error for Space Telescope RWA'’s using small gains for one 24-hour orbit.
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Figure 11. Reaction wheel speed for NASA Standard RWA’s using small gains for one-fourth orbit.
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Figure 12. Reaction wheel speed for Space Telescope RWA’s using small gains for one 24-hour orbit.
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Figure 13. Reaction wheel speed for Space Telescope RWA’s using small gains for three 24-hour orbits.
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Figure 14. Attitude error for NASA Standard RWA's using tight gains for one 24-hour orbit.
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Figure 15. Attitude error for Space Telescope RWA's using tight gains for one 24-hour orbit.
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Figure 16. Reaction wheel speed for NASA Standard RWA'’s using tight gains for one 24-hour orbit.
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Figure 17. Reaction wheel speed for Space Telescope RWA’s using tight gains for one 24-hour orbit.
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Figure 18. Reaction wheel speed for Space Telescope RWA’s using tight gains for three 24-hour orbits.
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